We have investigated temperature and magnetic field induced changes in the occupation of the r-and Gpoint minima of the conduction band of GaSb/AlSb quantum wells in the vicinity of the size induced cross-over from direct to indirect bandstructure by luminescence spectroscopy. For indirect gap samples with sufficiently small L-Tenergy splitting a change to effectively direct gap behaviour is observed as the temperature is increased. Direct gap quantum wells with well widths slightly larger than necessary for the cross-over can be converted to indirect gap systems by using the different energy shifts of r-and Lpoint in magnetic fields.
GaSb/AlSb quantum wells show a quantization induced transition from direct to indirect band structure as the well width is reduced below 3.8 nm [I] . The size induced bandstructure change occurs firstly, because the energetic.splitting between the lowest conduction band minimum at the l'-point and the minimum at the L-point is small in bulk GaSb (about 80 meV [2] ). Secondly the electron mass at the r-point is smaller by about a factor of 10 than the relevant mass for quantization at the Lpoint [3] and for decreasing well width the different subband level shifts eventually lead to quantum wells in which the lowest minimum of the 2D conduction band is located at the L-point. Because the lowest subband edge of the valence band remains at the r-point, samples with well widths below 3.8nm have indirect bandstructure. As expected e.g. the carrier lifetime and the quantum efficiency change drastically at the cross-over [I] . GaSb/AlSb have been studied previously predominantly in order to investigate stimulated emission processes 141 and stress related effects ("mass reversal" [5] ).
In the present paper we have studied possibilities to reverse the bandstructure from the type observed in low temperature luminescence spectroscopy. This bandstructure dependence on externally controlable parameters is interesting, because it allows to widely vary the physical properties of a quantum well after the epitaxy has been completed. We have used temperature and magnetic field to effectively reverse the bandstructure compared to the one determined at 2K and B=O. The thermal population of the r-point minimum in samples with L <3.5nm (indirect gap samples) is shown to lead to effectively direct gap z behaviour. Magnetic fields, on the other hand, can be used to induce indirect bandstructure in the case of the 3.8nm sample, which has a direct band gap at B=O.
For the experiments MBE-grown GaSb/AISb quantum wells [3J with well widths 1.2nm<LZ< lOnm were mounted in a variable temperature dewar (1.8K<T<350K) and excited by an Ar-ion laser (A =514nm). 
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The luminescence was dispersed by a lm monochromator and detected by a cooled Ge detector. For the study of the magnetic field dependence a cryostat was used which allowed the application of B<9T perpendicular to the wells at variable temperature. Fig. 1 shows a series of spectra recorded at different temperatures in a sample with indirect band gap (Lz=2.5nm). At 5K the emission of deep impurities (centered at 0.9eV) dominates the spectrum and the indirect (at 1.05eV) and direct gap emissions (maximum at 1.leV) are barely visible. With increasing temperature the spectral shape changes drastically: The L-point related emission vanishes at about 30K whereas the impurity band persists up to about 150K. The intensity of the direct gap emission, in contrast, shows a strong increase up to 300K after a slight decrease for T<60K. Temperature dependence of the r-point to 1.2nm no r-point related emission is observed in transition intensity in samples with direct and the high temperature spectra at all. This contrasts indirect bandstructure.
our results increasing temperature, however, the simultaneous decrease of the emission of the direct gap sample and the pronounced increase of the r-emission in the indirect sample leads to comparable emission intensities from both samples above about 200K.
obtained at 2K, where a strong decreases of the luminescence efficiency and a large increase of the carrier lifetime are observed for Lz<3.8nm. In conjunction with the well width dependence of the Land r-point related transition energies this is attributed to the size induced change from direct to indirect band structure in the quantum wells.
Low and high temperature results can be understood consistently if we consider the thermal activation of electrons from the L-minima to the I'-minimum of the conduction band. Due to their long lifetime of about loons the L-minima may be regarded as electron reservoirs for the r-point: Depending on the ratio of the r-L-splitting [6] and the thermal energy, electrons can be thermally activated into the I'-minimum where they have a very short radiative lifetime (about 0.5ns) and recombine. At high temperatures quantum wells with sufficiently small r-L-splitting will therefore display the same features as direct gap samples, although the lowest conduction subband is at the L-point.
We have analyzed the temperature dependence of the r-point transition intensities in the indirect gap samples in order to determine the energetic difference between L-and r-point minimum of the conduction band using, a simple Arrhenius model. We obtain well width dependend energy splittings of 24meV, 35meV, and 70meV, which agree qualitatively with the spectroscopic splittingvalues of 35meV, 40meV and 75meV for the 2.5nm, 3.0nm and 3.3nm samples investigated. The thermodynamically determined splittings always are slightly smaller than the spectroscopic values. This may be. related to the nonlinear temperature dependence of the L-r-splitting (in bulk GaSb/AlSb the L-rsplitting increases by about 20 meV between 2K and room temperature [2] ). Using the thermal activation it is possible to effectively induce direct bandstructure properties in samples with indirect bandstructure. By application of a magnetic field perpendicular to the wells on the other hand we are able to change the 3.8nm quantum well situated very closely to the cross-over from direct to indirect band structure. In this sample the r-L splitting at zero field amounts 40 less than 5meV which is smaller than the magnetic field induced energy shifts of the GaSb/ AlSb quantum well emission for BS9T. Because the Landau level shifts are inversly proportional to the carrier mass one expects for sufficiently high fields the conduction band minimum with the lowest energy to be at the L-point. , O.C increasing magnetic field.
magnetic field B(T)
Whether the decrease of the Ftransition intensity Magnetic field dependence of the r in the 3.8nm sample is related to a magnetic field -transition intensity in GaSb/NSb samples with induced change from direct to indirect bandstructure Lz=3.8nm and 7.8nm.
can be tested by using the
